This study aimed to investigate the impact of the supplementation of a pre-biotic compound [Jerusalem artichoke meal (JAM)] on the glycaemic and insulinaemic response in healthy, non-obese warm-blooded horses. Six adult mares [mean body weight (bwt) 529 AE 38.7 kg; body condition score 5.1 AE 0.49/9] were used. In two equal meals per day, the horses received crushed oat grains (1 g starch/kg bwt per day) and meadow hay (2 kg/ 100 kg bwt per day) which together were likely to meet the energy recommendation for light work (GfE, 2014) . Additionally, they received either 0.15 g fructo-oligosaccharides and inulin (FOS+INU)/kg bwt per day via commercial JAM or maize cob meal without grains as control (CON) in 2 9 3-week periods according to a crossover design. Blood was collected on d21 of the feeding period at different ante-and postprandial (PP) time points (À60, 0, 30, 60, 90, 120, 180, 240 and 300 min), and the plasma glucose and serum insulin levels were determined. Feeding JAM vs. CON did not change the PP peak of glucose or insulin (glucose: 6.3 AE 0.40 vs. 7.0 AE 0.87 mmol/l; insulin: 0.508 AE 0.087 vs. 0.476 AE 0.082 nmol/l) nor did it cause different AUCs until 120 and 300 min PP for glucose and insulin, respectively (AUC 120 , glucose: 997 AE 41.6 vs. 1015 AE 41.63 mmol/l per minute, insulin: 49 AE 6.3 vs. 42 AE 6.3 nmol/l per minute; AUC 300 , glucose: 1943 AE 142.3 vs. 2115 AE 142.3 mmol/l per minute, insulin: 94 AE 14.8 vs. 106 AE 14.8 nmol/l per minute; p > 0.05). Following JAM vs. CON feeding, glucose and insulin levels declined more rapidly until 240 min PP and tended to be lower (p = 0.053 and p = 0.056, respectively) at this time point. This result might be promising and should further be studied more detailed.
Introduction
Common pre-biotics used in horse nutrition are often fructans, which consist of several fructose units and one terminal glucose unit (Roberfroid, 2007) . Depending on the chemical composition, fructans are classified as inulin-type fructans (ITFs, common in Compositae) or phlein-type fructans (common in Poales; Glatter et al., 2016a) . Depending on the dose, both types of fructans can have harmful or beneficial effects on a horse's health. With very high intake, particularly by not or only insufficiently adapted horses, phlein-type fructans (Longland and Byrd, 2006) as well as inulin-type fructans Pollit, 2006, 2009) can trigger laminitis. Laminitis is often associated with endocrine insulin dysregulation, which leads secondarily to permanent stimulation and subsequent downregulation of the insulin receptors (De Laat et al., 2016) . The development of insulin resistance (IR) related to hyperinsulinemia is often linked to clinical signs of laminitis Asplin et al., 2007; Bailey et al., 2007; De Laat et al., 2010) . Ponies predisposed to laminitis showed a 5.5-fold higher serum insulin concentration after feeding of 3 g inulin/kg bwt per day (over 48 h) in comparison with control ponies (Bailey et al., 2007) . The respective differences in serum insulin between laminitis prone and normal ponies were however of minor importance following only 1 g inulin/kg bwt per day over the course of 3 days (Borer et al., 2012) . Dietary supplementation with 45 g of short-chain fructo-oligosaccharides (scFOS) during 6 weeks significantly increased insulin sensitivity and reduced acute insulin response to glucose in comparison with maltodextrin in obese Arabian geldings (body condition score [BCS] 8/9) without affecting body weight and BCS, but did not alter glucose effectiveness (Respondek et al., 2011) . In this study, resting serum insulin concentration was reduced by scFOS but not maltodextrin supplementation. The aim of this study was to investigate the effect of a natural pre-biotic (Jerusalem artichoke, Helianthus tuberosus) on the glycaemic and insulinaemic responses in adult healthy, nonobese, warm-blooded mares with no known history of laminitis. We hypothesized that even clinically normal, non-obese horses might benefit from daily pre-biotic doses of FOS and inulin from Jerusalem artichoke meal (JAM) by improved insulin sensitivity and thus postprandial (PP) glucose clearance following a hay-concentrate meal.
Materials and methods

Animals
Six healthy, warm-blooded mares (age: 6-13 years) with a mean body weight (bwt) of 529 AE 38.7 kg and a BCS of 5.1 AE 0.49/9 (Kienzle and Schramme, 2004) were individually housed in box stalls, bedded on wood shavings and had ad libitum access to tap water and a salt block (consisting of sodium chloride only). The horses were longed for 30 min/day for 5 days/ week. The experimental procedure was approved by the Animal Welfare Commissioner of the Martin Luther University Halle-Wittenberg and the state administration department in Halle/Saale in accordance with the German Animal Welfare Law (reference number: 42502-3-733 MLU).
Diets
During a 2 9 3-week trial period, the horses received two quantitatively equal meals per day consisting of crushed oat grains (1 g starch/kg bwt per day; Tables 1 and 2 ) and meadow hay (2 kg/100 kg bwt per day; Tables 1 and 2 ) to meet the energy requirements for light work (GfE, 2014) . It was further intended that they additionally received either 0.2 g fructo-oligosaccharides and inulin (FOS+INU)/kg bwt per day via commercial JAM (Tables 1 and 2 ) or an equal amount of maize cob meal without grains as the control (CON; Tables 1 and 2 ) according to a crossover design. The crossover experiment was a simple design with two treatments (JAM, CON) applied over a time period of 21 days each and accordingly two feeding sequences. During the adaptation period, the animals were randomly allocated to one of the following sequences: JAM-CON or CON-JAM. Because of the dry consistency of the supplemental feed, water was added prior to feeding at 15 % of the total concentrate meal (w/w). The hay was changed at the end of the second trial (6 days before the second blood collection) due to the reluctance of the horses to eat the initially used hay.
Feed sampling and control of water intake All feedstuffs were sampled as aggregate samples during the entire study period and stored at room Kienzle and Zeyner (2010) and GfE (2014) . †Calculated according to GfE (2014) and Zeyner et al. (2015a) . temperature until immediate analysis. The water intake per horse and day was routinely monitored at the same time of day (7:00 PM) by a water clock (Maddalena, CD SD Plus, Povoletto, Italy; accuracy: AE 5 %) permanently attached to the drinking system.
Blood collection
Blood was collected at the end of each trial period (d21) from the Vena jugularis externa by a veterinarian at defined time points ante-and postprandial (PP). In detail, fasting blood samples were taken after 12 h without any access to feed, which was tantamount, in this case, to 60 min prior to the concentrate feeding (min À60). Immediately after blood collection, the horses received 1 kg of meadow hay according to the recommendation to provide roughage prior to the concentrates (Zeyner et al., 2004) . After 1 h, blood was collected again to determine the basal glucose and insulin concentrations (min 0). After this second blood collection, the horses received the morning concentrate meal, including the supplement (JAM or CON). Before they got their concentrate meal, residual hay, when it occurred, was collected and weighed. Thereafter, blood was sampled at seven defined time points (30, 60, 90, 120, 180, 240 and 300 min PP). Blood was collected in tubes containing clot activators to separate the serum (for insulin) as well as in tubes with EDTA and fluoride to separate the plasma (for glucose). The tubes for serum separation were allowed to clot at room temperature for 30 min, and the collection tubes for plasma separation were kept in a refrigerator (4°C) until centrifugation. The samples were subsequently centrifuged at 2054 g for 10 min. The plasma and serum were separated in new Eppendorf tubes and stored at À20°C until analysis.
Analytical methods
The dietary components were analysed according to the Association of German Agricultural Research Laboratories (Verband Deutscher Landwirtschaftlicher Untersuchungs -und Forschungsanstalten; VDLUFA; Naumann and Bassler, 1976) . The content of the nonstructural carbohydrates (starch, fructans, mono-and dimeric sugars) was investigated as described by Zeyner et al. (2015a,b) . The plasma glucose was determined by use of the Hitachi 912 automated analyser (Roche Diagnostics GmbH, Mannheim, Germany; Zeyner et al., 2002) , and the serum insulin was determined via an immunoradiometric assay (Insulin-CoaACount-RIA-Kit; BioSource Europe S.A., Belgium; Gottschalk et al., 2011) .
Statistical analyses
The fasting and basal plasma glucose and serum insulin concentrations as well as the maximum concentrations of both blood parameters were calculated. Fasting and baseline concentrations are understood as concentrations at time points À60 min and immediately (0 min) prior to the concentrate meal. Furthermore, the time to reach the PP plasma and serum peak ('time to peak'), respectively, was computed for glucose and insulin separately. The area under the curve (AUC) was determined for glucose (in mmol/l per minute) and insulin (in nmol/l per minute) using non-overlapping rectangles and triangles (trapezoidal method). The AUC was calculated for both the immediate phase 0-120 min PP (AUC 120 ) and further from 0-300 min PP (AUC 300 ). Furthermore, the quotients of AUC 120 (glucose/insulin) and AUC 300 (glucose/insulin) as well as the insulin/glucose and glucose/insulin quotient were calculated. Statistical analysis was performed using the MIXED procedure of SAS (version 9.4, SAS Inst., Cary, NC). The insulin and glucose concentration as functions of the nine time points (TPO; À60, 0, 30, 60, 90, 120, 180, 240 and 300 min PP) were analysed using models with fixed effects of treatment (TRM), period (PER), TPO and of the interactions TRM 9 PER and TRM 9 TPO. The calculated AUC 120 and AUC 300 (for glucose and insulin separately) and also the quotients AUC 120 (glucose/insulin), AUC 300 (glucose/insulin), insulin/ glucose (fasting and baseline) and glucose/insulin (fasting and baseline) were analysed using models with fixed effects of TRM, PER and of the interaction TRM 9 PER. The repeated measures per animal over the periods were taken into account by random animal effects. Additionally, to determine the correlation structure of the repeated measures per animal and the period over the time points, different variancecovariance structures with inhomogeneous residual variances (autoregressive: type = arh (1), compound symmetry: type = csh and Toeplitz: type = toeph) were tested. Finally, the correlation structure with the lowest Akaike's information criterion (AIC) value was selected. For the detection of extreme outliers at the time points, the 3.0 9 interquartile range was used. The Shapiro-Wilk test was used to check the normality of the studentized residuals. The differences of means were tested using the multiple t-test implemented in the MIXED procedure. The Kenward-Roger method was used for approximation to the degrees of freedom. Statistical significance was accepted at p < 0.05. The least square means (LSM) of all traits (AE SE) are reported.
Results
General observations
During the study, no horse showed any sign of gastrointestinal disorders or was otherwise clinically conspicuous. Furthermore, the horses lost weight (mean: 13 kg; range: 5-30 kg) during the study because of their reluctance to eat the hay provided initially. After changing the batch of hay, all horses gained weight (6-16 kg per horses), except of one mare, which lost 2 kg of body weight (Fig. 1) . Moreover, the ambient temperature was higher during the first blood sampling day in comparison with the second testing day with fairly consistent relative humidity throughout the study (apart from a conspicuous decline in week 5; Fig. 2 ). The daily water intake of the horses tended to vary conversely with the ambient temperature ( Fig. 1 and Fig. 2 ). There were no differences in the daily water intake between the feeding groups (LSM AE SE; JAM: 27.9 AE 1.3 l/day vs. CON:
27.2 AE 1.3 l/day; p = 0.195). On the blood sampling days, the horses consumed only half of the presented meadow hay during the given hour prior to the concentrate meal (means AE SE; JAM: 540 AE 82 g; CON: 501 AE 40 g). The concentrate meal and the supplemental feeding (JAM or CON) were completely consumed.
Chemical composition of the feed
The analysed contents of the proximate nutrients, non-structural carbohydrates and from this calculated concentrations of pre-caecal digestible crude protein (pcdCP) and metabolizable energy (ME) in all feedstuffs used in this study are given in Tables 1  and 2 . Note that the second batch of hay had a different chemical composition and energy content with particularly lower and higher contents of crude fibre and metabolizable energy, respectively, compared to the first batch (Table 1) . Of particular importance in the context discussed here is the result that the commercial JAM revealed a much lower content of the analysed pre-biotic active ingredients than was declared and thus expected (46.6 % as analysed vs. 62.7 % as declared). This resulted in a total lower intake of pre-biotic active substances namely FOS+INU (0.15 instead of 0.2 g/kg bwt per day) as initially intended.
Blood Parameters
Fasting as well as baseline plasma glucose concentrations were similar for the CON and the supplemental group (JAM , Table 3 ; p > 0.05). Neither the peak for the plasma glucose concentration nor the time to reach the peak differed significantly between the two groups (Table 3 ; Fig. 3 ; p > 0.05). A significant increase in the plasma glucose concentration compared to the baseline was measured 30 min after the horses received the concentrate meal in both groups ( Fig. 3 ; p < 0.05). One mare supplemented with CON showed the highest plasma glucose and also the highest serum insulin concentration (glucose: 11.4 mmol/l; insulin: 0.846 nmol/l). The supplementation of JAM did not influence the fasting and baseline serum insulin concentration, the peak insulin concentration or the time to reach the peak in comparison with CON (Table 3 ; p > 0.05). The serum insulin concentration was significantly elevated 30 min after feeding oat grains plus JAM or CON ( Fig. 4 ; p < 0.05). The AUC for glucose and insulin until 120 min or 300 min PP was not affected by JAM (Table 3 ; p > 0.05). 
Discussion
The recommended pre-biotic dosage of FOS+INU for horses is 0.2 g/kg bwt per day (equivalent to 0.1 kg/ day for a 500 kg horse; Julliand and Zeyner, 2013) , which was the dosage that was intended to be applied in this study. Because the analysis revealed that the content of FOS+INU in the commercial JAM used in this study was 46.6 % (instead of declared 62.7 %), the actual intake amounted to only 0.15 g/kg bwt per day. This is substantially lower than the level supplied by Bailey et al. (2007) , where a dose of 3 g inulin/kg bwt caused a 5.5-fold increase of the PP insulinaemic response and lower than the amount supplied by Borer et al. (2012) , where 1 g inulin/kg bwt induced a doubled PP insulinaemic response. Contrary to the current study, however, ponies were used in both of the cited studies, where Bailey et al. (2007) and Borer et al. (2012) addressed individuals prone to laminitis, and only Borer et al. (2012) studied normal ponies, too.
The pre-biotic potential regarding the hindgut might have been much weaker than expected because fewer effective pre-biotic substrates might have been able to reach the hindgut. In horse nutrition, the dosage of feeding pre-biotic compounds is marginally variable because high amounts of fructans (inulin or phlein type) have the potential to trigger severe health disorders such as laminitis (Longland and Byrd, 2006; Pollit, 2006, 2009) . Investigations of fermentation products in different segments of the digestive tract of adult healthy, warm-blooded horses performed with the same batch and quantity of JAM as in the current study indicated the fermentative activity of the microbes in the terminal tract was stimulated to a much lower degree than expected (Glatter et al., 2016b) . Several studies, however, indicate that the effect of a pre-biotic ingredient depends on various factors, such as its composition, degree of polymerization (DP) or dosage (Samanta et al., 2013) . Pre-biotics with a higher DP exhibited more pronounced effects on the terminal tract than shorter ones or a mixture of different chain lengths (Van de Wiele et al., 2007; Azor ın-Ortuño et al., 2009). The commercial JAM used in this study had a DP predominantly (55 %) ranging from 11 to 25 units, which is not as large as the DP indicated for inulin-type fructans (DP 2-60; Roberfroid et al., 2010) . According to Coenen et al. (2006) , Ince et al. (2014) and Strauch et al. (2016) , fructans are prone to be already decomposed in the lower gut, including the stomach where the DP might be of particular importance (Strauch et al., 2016) . Glatter et al. (2016b) actually measured an increased content of organic acids in the stomach of horses fed inulin-type fructans according to a dietary approach identical to that of the current study. For further studies, a detailed analysis of the pre-biotic compound, which is intended to be used, is recommended to determine its actual contents and DP prior to the experiment and thus to allow a more purposeful application of the pre-biotic and valuation of the results of its application.
Further imponderables resulted from the exchange of hay batches performed just a few days before the end of the study. To assess the likely short-term effects on the glycaemic and possibly insulinaemic response, the contents of mono-and dimeric sugars (SU) in the hay batches and the quantities the horses consumed immediately before blood samples were taken have been used to calculate the SU intakes (Tables 1 and 2 ; 0.5 kg of hay; mean body weight 529 kg). The difference, however, was 0.003 g SU/kg body weight between the two batches of hay; thus, the impact on the measured blood parameters might be negligible. Neither fasting and basal glucose nor insulin concentrations (Table 3 ) differed significantly between the treatment groups and were further (i) within normal ranges (K€ oller et al., 2014) and in particular (ii) in the range of similar feeding quantities of easily available energy from starch following a 12 h overnight fasting period (Vervuert et al., 2009 ). In the current study, the feeding of JAM vs. CON resulted in a particularly fast and pronounced peak of serum insulin followed by a more rapid decline in both plasma glucose and serum insulin PP (Figs 3 and 4) . The return to baseline of plasma glucose until 300 min PP was nearly complete in JAM but not CON. Jerusalem artichoke meal consists of several fructose units and one terminal glucose unit, which are linearly connected to each other at the b-2, 1-linkage, which cannot be hydrolysed by mammalian enzymes (Roberfroid, 2007) . Therefore, fructose is the dominant available monosaccharide after the microbial breakdown of the pre-biotic. In comparison with glucose, fructose causes minor changes in the glycaemic and insulinaemic responses PP (Borer et al., 2012) . Previously, PP exhalation of methane and hydrogen in equines indicated that inulin started to be fermented already in the foregut (Coenen et al., 2006) . In vitro studies with grass fructans suggested that under specific conditions, acid hydrolysis in the stomach leads to the decomposition of grass fructans (Ince indicates significant (p < 0.05) differences within the treatment group (CON: bold letters; JAM: italics) dependent on the time; *indicates tendential differences between the treatment groups at a specific time point (p = 0.053). et al., 2014; Strauch et al., 2016) . When fructose is released and not immediately fermented by gut microbes, it might be absorbed in the equine digestive tract by specific transporters (Glut 5), which are highly abundant in the small intestine (FernandezCastaño Merediz et al., 2004; Taylor et al., 2012) , and is transported through the bloodstream into the liver. In the liver, it is metabolized to fructose-1-phosphate, which can be further used to generate glucose, glycogen or triglycerides (Johnson et al., 2013) . Nevertheless, it is not clear, whether, and to what extent, this monomeric sugar might be absorbed pre-caecally and induce an insulin reaction, but the changes are seemingly less pronounced in comparison with glucose (Borer et al., 2012) .
The higher PP concentration of insulin after the feeding of JAM in comparison with CON is critical to note. Permanent or frequently elevated circulating insulin concentrations, manifested as hyperinsulinemia, might be a trigger for metabolic disorders such as laminitis (Treiber et al., 2006; Geor, 2008) at least in prone individuals. Furthermore, high amounts of circulating insulin, for example after feeding high-glycaemic meals , decrease the responsiveness of insulin-sensitive cells and lead to an insulin resistance accompanied by a reduced insulin sensitivity . Nevertheless, the tendentially more pronounced decrease of the both plasma glucose and serum insulin concentration at 240 min PP (p = 0.053 and 0.056, respectively; Fig. 4 ) might be a positive impact of the long-term pre-biotic supply. The basal serum insulin concentration (meaning that after ingestion of around 0.5 kg of meadow hay) was recovered approximately 300 min PP (0 min: 0.125 nmol/l vs. 300 min: 0.142 nmol/l) with the supplementation of JAM in the diet but not after feeding of the placebo. Recent studies (Bamford et al., 2016a,b) indicate a high PP insulin concentration after ingestion of a once-daily high-glycaemic meal might not cause a downregulation of the insulin receptor and therefore lead to a decreased insulin sensitivity. Moreover, a chronic stimulation of the pancreas by more than one high-glycaemic meal is required to modify the insulin receptor sensitivity.
Pre-biotics are supposed to contribute to glucose homoeostasis via increasing insulin secretion or enhancing insulin sensitivity (Roberfroid et al., 2010) , depending on the initial condition (e. g., obese, diabetic). Feeding obese horses (BCS 8 AE 1/9) with 45 g scFOS/day (over 6 weeks) led to an improved insulin sensitivity (Respondek et al., 2011) . In the present study, the mares had a normal body condition score being around 5/9. The trend for a more pronounced decline of plasma glucose and serum insulin following the PP peak as revealed in our study indicates that an improvement of the glucose homoeostasis after feeding the pre-biotic compound is realistically possible also in non-obese horses. However, the impact of the very high glucose (peak: 11.4 mmol/l) and insulin concentration (peak: 0.846 nmol/l) in one of the mares included in the current study after being fed the control diet has to be taken into consideration. Thus, the results should be treated carefully because of the small number of animals and the divergent glycaemic and insulinaemic responses, especially of one clinically normal mare.
An improvement of insulin sensitivity might be achieved by an increased release of incretins, such as glucagon-like peptide 1 (GLP-1) and glucose-dependent insulinotropic polypeptide (GIP), which are involved in glucose disposal through stimulation of the pancreatic b-cells associated with an increasing insulin secretion (Cani et al., 2004 (Cani et al., , 2007 Kazakos, 2011) . In horses, the relative contribution of incretins to insulin production is unclear (De Laat et al., 2016) . Only a few studies investigated the PP response of GLP-1 to different diets (Bamford et al., 2015; Chameroy et al., 2016) , but, to the author's knowledge, there is no information about the impact of pre-biotics on incretin secretion in horses. In rats, the supplementation of pre-biotic compounds leads to an increased amount of endocrine L-cells in the colon (Cani et al., 2007) , which stimulates the expression of the proglucagon gene in these cells and, therefore, enhances the secretion of different peptides, such as the glucagon-like peptides (GLP-1).
Moreover, pre-biotics are supposed to enhance microbial fermentation predominantly in the hindgut and therefore lead to an increased amount of fermentation products, such as short-chain fatty acids (SCFA) or lactate (Roberfroid et al., 2010) . SCFA (mainly acetate, propionate and n-butyrate) are metabolized, that is, locally in the gut epithelium, in the liver or in peripheral tissues (fat and muscle cells), and have indirect effects on glucose homoeostasis and cholesterol synthesis (Bergmann, 1990) . Propionate is metabolized in the liver via oxaloacetate to glucose and thus increases the blood glucose concentration. By stimulating the hepatic gluconeogenesis from propionate, the supplemental feeding of pre-biotics with coincident increasing production of SCFA (especially propionate) leads to an elevated secretion of insulin. The formation of glucose from propionate in the liver is proven for ruminants (Huntington, 1990) , but only assumed for horses. Feeding the pre-biotic over a longer period of time might result in a permanent slightly elevated glucose concentration PP in the blood and an equally increased insulin secretion. Moreover, the insulin sensitivity is linked to the size of adipocytes (Robertson, 2007) . SCFA have the potential to affect the differentiation as well as the size of the adipocyte cells, and vice versa, and therefore might improve insulin sensitivity. If the adipocytes reach a critical size, their physiological function could be dysregulated, resulting in a higher production of adipokines and inflammatory cytokines, an increased recruitment of monocytes and the release of mediumchain fatty acids as well as predominantly long-chain fatty acids (Geor, 2008) . As a result, the insulin signalling pathways in multiple tissues might be disrupted and lead to the development or enhancement of insulin resistance. Therefore, the stimulatory effect of fatty acids on adipocytes has limitations.
Furthermore, the calculated quotients (glucose/insulin and insulin/glucose, Table 3 ; Firshman and Valberg, 2007 ) from the fasting and baseline levels are recommended to be in principle suitable to indicate an altered glucose homoeostasis. Fasting glucose to insulin ration (FGIR) and insulin to glucose quotient showed no modification after feeding JAM. FGIR levels below 4.5 indicate insulin resistance (De Laat et al., 2016) , but the calculated values are in the normal range of about 10 (FGIR, CON: 10.6 AE 0.30 vs. JAM: 10.4 AE 0.76; Table 3 ). Moreover, the baseline insulin/glucose quotient might be suitable to indicate an increased pancreatic release of insulin after feeding JAM to the horses (Firshman and Valberg, 2007) . Comparing both calculated baseline quotients (glucose to insulin and insulin to glucose) in the current study, they are far from any statistically significant difference.
Nevertheless, the data permit no inference about the insulin sensitivity in the peripheral tissues, because this was not determined by specific tests during the study [e.g., oral glucose tolerance test, frequently sampled intravenous glucose tolerance test (FSIGT) or euglycaemic-hyperglycaemic clamp; Firshman and Valberg, 2007] . This aspect has to be taken into consideration in following investigations.
Conclusion
The feeding of 0.15 g fructo-oligosaccharides and inulin per kg of bwt and day to adult healthy, non-obese mares does not significantly alter fasting, basal and postprandial glycaemic and insulinaemic responses. However, a tendency for a more rapid and complete decrease of both plasma glucose and serum insulin following the postprandial peak might indicate an improved glucose clearance from the bloodstream following starchy meals, which in turn may represent an unexpected but positive effect of pre-biotic supplementation even in non-obese equines being not insulin resistant.
